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Frequency dependency of the defining parameters in aero-acoustics has been a controversial 
issue and many theoretical and experimental studies have been directed towards its 
understanding and modelling. In this paper a new time scale based on the turbulent energy 
transfer rate is introduced and used along with the MGBK method for a short-cowl nozzle. The 
required CFD results for noise prediction are obtained using a modified k − ε  turbulence model. 
Numerical results are provided for two flow working conditions, bypass velocity ratio 1 and 0.9. 
Besides the comparisons of the new time scale against the traditional time scale, namely 
dissipation time scale, corresponding noise prediction results at ninety degrees as well as other 
angles are compared and discussions are provides. Generally, results show that the new time 
scale is capable of performing the anticipated frequency dependency and has significantly 
improved noise prediction, particularly at low and high frequencies. 
 
 
I. INTRODUCTION 
 
VER recent years there has been much interest in the development of RANS based jet noise 
prediction schemes. While the details vary, such schemes always seek to use the output of a 
RANS calculation (typically with k-ε turbulence model) as input to a noise calculation. An obvious 
attraction of such a procedure is the relative speed of calculation compared to an LES or DNS 
calculation, but this is bought at the expense of a need for increased modelling of the noise production 
mechanism.  A k-ε  model provides only time averaged properties of the flow whereas a more detailed 
knowledge of the statistical nature of the turbulence is required for the noise calculation; in particular 
the two-point correlation of the Reynold’s stresses. To model these requires the hypothesis of a suitable 
functional form, and some assumptions about how the correlation time-scale and length-scale relate to 
the time-scale and length-scale obtained from a RANS calculation. 
It has been shown by various authors that proper modelling of these definitions play essential 
roles in accuracy of noise prediction, regardless of the method used1-6. Up till now too many articles are 
published to inspect different aspects of definitions generally used in aeroacoustic problems. Focal 
point of these studies is usually around frequency dependency of these definitions, and how to take that 
into account for different problems. Frequency dependency of time, length-scale, as well as convection 
velocity, have been considered many times and different authors confirmed such a dependency using 
experimental tests7, 8. However, most of time the attempts to use the experimental evidences end up 
with some sophisticated mathematical relations which are characteristically derived for a particular 
application or for a special method3, 4. These limitations force us to have a deeper look into underlying 
physics of turbulence and try to find the origin of frequency dependency.  
In this paper the application of the energy transfer rate based timescale is extended to include 
noise prediction for a short-cowl nozzle and the results are critically compared with those obtained 
using previous definitions of the timescale and are shown to be superior.  Results are provided for two 
working conditions: case 1) Bypass velocity ratio 1 (VP=217.2 m/s, VS=217.2 m/s); case 2) Bypass 
velocity ratio 0.9 (VR=0.9, VP=240.9 m/s, VS=217.2 m/s). Required CFD data are obtained using a 
modified k-ε turbulence model. Noise prediction is then dealt with by MGBK method and Mani’s 
formulation is also utilized to allow for flow-sound interaction when observer is not located at 90 
degree9-11. 
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